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Accepted 13 June 2013A 34-year-old Taiwanese woman, gravida 2, para 1, un-
derwent amniocentesis at the 18th week of gestation. A
chromosomal analysis of the amniocytes showed abnormal Y
chromosomes in all of the cells analyzed. The cells were in the
metaphase stage at the time of analysis. The chromosomal
anomaly was tentatively designated as 46,X,var(Y) (Fig. 1A).
The woman conceived spontaneously and had not experienced
any miscarriage. Three years previously, she delivered a fe-
male baby who developed normally. Karyotyping of the
couple showed that the abnormal Y chromosome in all cells
analyzed was inherited from the 34-year-old husband
(Fig. 1A). The semen parameters and hormone profile of the
husband were within normal ranges. The pregnancy was un-
eventful, and the woman delivered a grossly normal male baby
with a body weight of 3250 g and body length of 52 cm. C
banding showed that the Y chromosome contained two cen-
tromeres and two segments of heterochromatin blocks
(Fig. 1B). Array-based comparative genomic hybridization
(aCGH) using high-density CytoScan v3 (Agilent Technolo-
gies) was applied to detect genomic aberrations. The CytoScan
v3 chip (Agilent Technologies) encompassed 60,000 DNA
probes with a resolution of approximately 50 kb. Fluorescence
in situ hybridization (FISH) was performed using the DYZ1
probe corresponding to the Yq heterochromatin and the DYZ3
probe corresponding to the centromere. The DYZ1 probe was
labeled with an indigo fluorophore (Vysis, Inc.) and the DYZ3
probe was labeled with a green fluorophore (Vysis, Inc.). The
FISH results revealed two centromeres and two blocks of
heterochromatin in the Y chromosome.
Multicolor chromosome banding (mBAND) was performed
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probes (mBAND Yþ; MetaSystems, Inc.). The mBAND FISH
results and the corresponding ideogram are shown in Figs. 1C
and D, respectively. Considering the normal aCGH result, we
propose that the abnormal Y chromosome was derived from
breakages within DYZ1 and DYZ3, followed by inversion and
reunion of the two breakages (Fig. 1D).
Among human chromosomes, the Y chromosome bears a
particularly large proportion of segmental duplications [1] and
has long been known to exhibit a high degree of cytogeneti-
cally visible structural polymorphism, including heterochro-
matin and euchromatin length variation [2], inversions [3], and
neutral translocations with autosomes.
There are four different types of pericentric inversions of the
Y chromosome [4]. In all cases, the inversion breakpoints within
the short arm of the Y chromosome fall in a gene-poor region of
X-transposed sequences proximal to SRY at Yp11.2. Inv(Y)
types I and II are familial cases showing the inversion break-
points mapped in Yq11.23 outside the ampliconic gene cluster
of DAZ and CDY. Inv(Y) type III shows an inversion breakpoint
in Yq11.223 that splits the DAZ and CDY gene cluster in the
AZFc region. This inversion type is representative of both fa-
milial cases and cases with spermatogenic defects. Inv(Y) type
IV with acrocentric morphology of the Y chromosome results
from inversion breakpoints in the distal part of the heterochro-
matin in the long arm of Yq12 and in the short arm of Yp11.2. It
was estimated that approximately 20% of chromosome break-
point regions were reused during mammalian evolution and
these reused sites are often enriched for centromeres [5]. The
case described in this report probably represents a fifth type of
inversion. In our case, the breaksmost likely occurredwithin the
DYZ3 and DYZ1 blocks, followed by inversion and reunion of
the breaks, finally resulting in the formation of a dicentric
chromosome. The tandemly repeated DNA sequences of the Y
chromosome are prone to rearrangement [6]. Of the 33 rear-
ranged Y chromosomes, two translocation chromosomes andcs & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
Fig. 1. The karyotype and fluorescence in situ hybridization (FISH) pictures of the fetus and father. (A) G banding of the sex chromosomes of the fetus and father.
(B) C banding of the sex chromosomes of the fetus and father. (C) FISH and mBAND analysis of the abnormal Y chromosome. (D) The corresponding ideogram of
the abnormal Y chromosome. The arrows point to the inversion breakpoints in the centromere and in the Yq heterochromatin. mBAND ¼ multicolor chromosome
banding.
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within the alphoid array [7]. Although there are few, if any, re-
ports on cases with inversion breakpoints occurring at the
centromere [8], centromeres are hot spots of chromosomal
rearrangement in the perspective of evolution [9,10]. It is esti-
mated that nearly 20% of chromosome breakpoint regions are
reused during mammalian evolution, and these reused sites are
often enriched for centromeres [5].
Dicentric Y chromosomes are one of the common structural
abnormalities of the Y chromosomes [11,12]. The breakpoints
are usually located at the euchromatic region of the short or long
arm. Much of the Y chromosome consists of large palindromic
arrays harboring genes critical for spermatogenesis. These
palindromic arrays permit rare unequal sister chromatid ex-
change that further creates a dicentric chromosome [13]. The
dicentric chromosomes, especially those with centromeres far
apart from each other, are more prone to break during segre-
gation than monocentric chromosomes [14]. Patients with
dicentric Y chromosomes usually present with infertility, sexual
development disorders, and Turner syndrome, depending on the
extent of gene loss (partial monosomy) and distribution of 45,X
cells [11,15]. In a recent report, we described two cases of direct
duplication of the Y chromosome. In addition, the abnormal Y
chromosome was transmitted from the fertile father without
abnormal phenotypes [16]. In this report, we showed a unique
type of dicentric chromosome and propose a novel mechanism
that creates a dicentric Y chromosome. Considering normalfertility and semen parameters of the father, this novel type of
dicentric Y chromosome does not seem to influence spermato-
genesis. Human dicentric chromosomes can be stably main-
tained during mitosis, but inactivation of one centromere is
observed both in vivo and in vitro [17].Whether or not one of the
two centromeres in our case was inactivated remains to be
investigated.
In summary, we presented a unique type of dicentric Y
chromosome possibly resulting from pericentric inversion
between the DYZ1 and DYZ3 blocks. The rearranged Y
chromosome does not seem to influence reproduction and was
stably transmitted from father to son. Collection and follow-up
of more cases is mandatory prior to when we can conclude that
it is a true cytogenetic polymorphism.
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